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@ Semiconductor device comprising a substrate. 
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@ A semiconductor device comprising a substrate 
(3), an optionally thermosetting resin coated or im- 
pregnated porous PTFE layer (5) on the substrate 
separating the substrate from an integrated circuit 
chip (1). The PTFE layer eliminates thermal and 
mechanical stress and cracking. 
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FIELD OF THE INVENTION 

The present invention relates to semiconductor 
apparatus intended to provide a product of superb 
quality by preventing malfunctioning, failure, and 
formation of cracks in the semiconductor elements, 
which are caused by mechanical stress from the 
outside and by thermal stress brought about by 
rapid temperature changes during mounting, actual 
use, and the like. 

BACKGROUND OF THE INVENTION 

Conventional semiconductor devices, which are 
referred to as "Integrated-circuit packages," are the 
devices as shown in Figure 6, wherein an 
integrated-circuit chip 1 is bonded to a chip pad 3 
by a chip-bonding material 18, such as solder, 
silver paste, or hard epoxy resin, and is then seal- 
ed with a resin. In recent years, as electronic 
devices have gradually become more compact and 
as their performance has improved, these devices 
have come to be widely used as thin and compact 
integrated-circuit packages and other devices of a 
surface-mounted type. 

However, due to the high value of the Young's 
modulus of the chip-bonding material 18 that is 
used in the conventional devices described above, 
large thermal stress is generated by temperature 
differences in integrated-circuit chip 1^, as shown in 
Figures 4A and 4B, causing malfunctioning and 
failure of integrated-circuit chip 1. In cases where 
an outside force is applied to the lower and upper 
portions of a package 17, as shown in Figures 5A 
and 5C, the chip is strictly confined between the 
integrated-circuit chip 1 and the chip pad 3, with 
the results that the Integrated-circuit chip 1^ tends 
to warp and is prone to failure. 

In Japanese Laid-Open Patent Applications 62- 

210630 and 62-210631, which have been devel- 
oped in order to overcome the disadvantages de- 
scribed above, a rubber-like elastic body having a 
low Young's modulus is used as the above chip- 
bonding material 18. The problem of thermal stress 
Is dealt with by preventing the stress generated by 
a temperature difference from being transmitted to 
the integrated-circuit chip 1, as shown in Figures 
4C and 4D. The problem of~mechanical stress from 
the outside is solved by allowing the chip-bonding 
material 18 itself to deform as shown in Figures 5B 
and 5D tolhus alleviate the stress generated in the 
integrated-circuit chip 1 . 

However, with thelechnique of Japanese Laid- 
Open Patent Applications 62-210630 and 62- 

210631 described above, a drop in the efficacy of 
wire bonding Is caused by the chip-bonding ma- 
terial 18 which is a rubber-like elastic material with 
a low" Young's modulus. Furthermore, since 


notches 21, which can cause cracks to be gen- 
erated due" to the "back-grinding" of an integrated- 
circuit chip, such as the one shown in Figure 7, 
cannot be covered securely, there is the shor- 
5 teeming that cracks 20 readily form from the 
notches 21^ when the face of the integrated-circuit 
chip 1 is harped to form a concave shape. 

SUMMARY OF THE INVENTION 

10 

The invention comprises a semiconductor de- 
vice which carries an integrated-circuit chip or an- 
other semiconductor element on a substrate, 
wherein a porous polytetrafluoroethylene (PTFE) 

76 layer is positioned between the semiconductor ele- 
ment and the substrate. In the semiconductor de- 
vice, a chip-bonding layer is formed by bonding a 
thermosetting resin to the porous PTFE layer either 
by coating or Impregnation, or both. An inorganic 

20 filler may be incorporated into the chip-bonding 
layer. 

In a semiconductor device that carries an 
integrated-circuit chip or other semiconductor ele- 
ment on a substrate, a porous PTFE layer is posi- 

25 tioned between the semiconductor element and 
substrate. A layer which displays a comparatively 
low Young's modulus of 2 to 40 kgf/mm^, owing to 
the use of the porous PTFE, is thus interposed 
between the chip and substrate. Because of the 

30 presence of this layer, the stress which is gen- 
erated Inside the integrated-circuit chip is allevi- 
ated, thereby increasing the reliability of semicon- 
ductor devices. 

By forming a chip-bonding layer wherein a 

36 thermosetting resin is bonded to a porous PTFE 
layer either by coating or impregnation, or both, 
elongation which is caused by temperature 
changes in a chip pad or other supporting sub- 
strate for an integrated-circuit chip is absorbed by 

40 this chip-bonding layer. The bending of an 
integrated-circuit chip by an outside load is alle- 
viated and absorbed similarly. 

By forming the chip-bonding layer as an epoxy 
resin layer with a comparatively high Young's 

45 modulus and by concurrently using a PTFE porous 
material with a low Young's modulus and excellent 
mechanical characteristics, such as ductility, effec- 
tive adhesion is attained and strain and stress are 
alleviated in the presence of coarse notched por- 

50 tions of the chip that are caused by the "back- 
grinding" of the undersurface of an integrated-cir- 
cuit chip. 

Characteristics such as thermal conductivity 
and electric conductivity may be adjusted and im- 
56 proved by incorporating an inorganic filler into the 
chip-bonding layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 is a cross-sectiona! view of one exam- 
ple of the semiconductor device of the present 
invention. 

Figure 2 is an enlarged view of the main com- 
ponent of the chip-bonding portion of Figure 1. 

Figure 3 is a cross-sectional view of an exam- 
ple of the invention implemented in a wiring board 
for COB. 

Figure 4 and Figure 5 are diagrammatical 
views illustrating the mechanism of stress relax- 
ation of integrated-circuit chips in the present in- 
vention. 

Figure 6 is a cross-sectional view illustrating 
the structure of a conventional integrated-circuit 
package. 

Figure 7 is a diagrammatical view which de- 
scribes theoretically an increase in the fracture limit 
of an integrated-circuit chip or other semiconductor 
element of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is now described with reference 
to the drawings to more clearly delineate the inven- 
tion, materials used In its manufacture, and how it 
functions. 

As shown in Figure 1. a semiconductor ele- 
ment, an integrated-circuit chip 1 is installed on a 
substrate 3 such as a chip pad, the electrodes of 
the semiconductor element 1 and a lead frame 2 
are connected by a gold wire 7, and all these 
components are coated by a molding resin 4. How- 
ever, in the present invention, a porous PTFE layer 
5, a porous fiuororesin body, is positioned between 
The semiconductor element 1 and the substrate 3 
to serve as a chip-bonding material 18. 

A PTFE film, which has been~~drawn into a 
porous component, is preferred as the porous 
PTFE layer 5. In this layer, fine pores of no more 
than 2 um are formed, producing a porosity of 40 
to 95%, preferably 60 to 80%. The fine pores thus 
produced transmit vapor and other gases, but do 
not transmit most liquids, possess superior me- 
chanical characteristics because they are made 
fibrous by drawing, and display a comparatively 
low Young's modulus of 2 to 40 kgf/mm^. 

The stress reduction relationship provided by 
the above porous PTFE layer 5 is as follows. As 
shown in Figure 4, the linear expansion coefficient 
of substrate 3, which consists of a metal, is aoi = 
17 X 10"^ deg"\ and is large compared to the 
linear expansion coefficient of the silicon semicon- 
ductor element 1, which is asi = 3 x ''O"^ deg~^ 
Although the th'ermal stress caused by this dif- 
ference is large, such thermal stress is absorbed 
by layer 5 in a suitable manner. If the Young's 
modulus of this layer is high, considerable tensile 
stress is created on the undersurface of the semi- 


conductor element 1 , as shown in Figure 4A, when 
the temperature is raised and cracks are formed in 
element 1. 

Silicon chips generally have a high rupture limit 

5 of approximately 50 kgf/mm^ when subjected to 
compressive stress and a low rupture limit of ap- 
proximately 10 kgf/mm^ when subjected to tensile 
stress. Therefore, although cracks are formed in a 
semiconductor element 1, such as a silicon chip, 

10 when the tensile stress exceeds the rupture limit, 
the use of a layer 5 with a low Young's modulus in 
the manner described above ensures that the elon- 
gation of substrate 3 is absorbed in layer 5 as 
shown in Figure 4c, Thereby inhibiting the genera- 

75 tion of large stresses on both the upper and lower 
surfaces of element 1 . The same is true when the 
temperature is lowered, in which case the contrac- 
tion of substrate 3 is passed on to element ^ being 
considerably redi7ced through layer 5, thereby pre- 

20 eluding damage to the chip. 

Similar phenomena take place when a me- 
chanical force is applied from the outside. When 
only solder, epoxy resin, or other materials with a 
high Young's modulus are used, substrate 3 and a 

25 semiconductor element 1, such as an integrated- 
circuit chip, are combined into a unit, the upper 
surface of element 1^ is warped into a convex shape 
under the action of an outside force applied to an 
integrated-circuit package from below. Consider- 

30 able tensile stress is then generated on the face of 
element 1 and cracks are formed. Furthermore, 
when element 1 and substrate 3 are combined into 
a unit similarly? the undersurface of the element 1 
is warped into a convex shape under the action of 

35 an outside force applied to the integrated-circuit 
package from above. Considerable tensile stress is 
then generated on the undersurface of element 1 
and cracks are formed. "i 
In contrast to this, in the present invention! 

40 wherein a poro us PT F E layer 5 with a low Young's 
modulus is present, even when an outside me- 
chanical force is applied to the integrated-circuit 
package from below and substrate 3 is bent, the 
str ess is absorbed in layer 5 and the warping oi 

45 element 1 can be prevented. The convex warping 
of the undersurface of element 1 by layer 5 can 
also be alleviated in the case of~an outside~force 
applied to the integrated-circuit package from 
above. 

50 The undersurface of an integrated-circuit chip 
is coarse compared to its face because "back- 
grinding" is usually conducted in the process of its 
manufacture. Since notches on the undersurface 
easily become a source for the formation of cracks, 

55 a tensile stress applied to the undersurface of an 
integrated-circuit chip approximately half as high as 
that on the face thereof leads to rupture. It can thus 
be inferred that, in order to reinforce an integrated 


3 


07/01/2002, EAST Version: 1.03.0002 


EP 0 504 669 A1 


circuit chip, it is effective to cover tlie notched 
portion on the undersurface thereof with a material 
that has high adhesion power and a comparatively 
high Young's modulus. 

Specifically, a combined effect such as has 
been described above is obtained in the present 
invention, whereby a bonding portion 18 with a 
sandwich structure, composed of an epoxy layer 8 
with a high Young's modulus, is formed as shown 
in Figure 7B. The notched portion on the undersur- 
face of element 1 is coated with an epoxy resin 
which displays a high Young's modulus and layer 5 
alleviates the deformation of an integrated-circuit 
chip. 

As a specific manufacturing example, a product 
such as the one shown in Figure 1 was obtained by 
using a component wherein epoxy resin layers 8 of 
about 5 um in thickness were placed on the upper 
and lower surfaces of a porous PTFE layer 5 of 
about 20 um in thickness as shown in Figure 2. 
Element 1 was bonded to substrate 3 through the 
agency of layer 5, with the joining being conducted 
in the following manner. A lead frame 2 was placed 
on a heating stage, bonding material 18 and ele- 
ment 1, which was an integrated-circuit chip, were 
mounted on the frame, and the epoxy resin was 
heated and caused to harden. The notches on the 
undersurface of element 1 were thus covered and 
reinforced, and the stres^ was alleviated by the 
deformational action of the porous PTFE in the 
manner described above, making it possible to 
increase considerably the fracture limit of 
integrated-circuit chips. 

Si02 or other ceramic fillers may be intermixed 
with layer 5 and/or epoxy resin layer 8 to increase 
thermal conductivity, and nickel, titanium, copper or 
other metal powders may be intermixed to impart 
electric conductivity. 

In addition, part of the pores in the porous 
PTFE layer may be impregnated with an epoxy 
resin, polyimide resin, or the like In order to some- 
what increase the overall Young's modulus of the 
bonding portion 18, thereby to increase the efficacy 
of wire bonding and transfer molding. 

When the chip-bonding material 18, which con- 
sisted of porous PTFE that has been coated on 
both sides with an epoxy resin in the manner 
shown in Figure 2, was used to mount an 
integrated-circuit chip directly on a printed wiring 
circuit board 9 by a COB (chip on board) method, 
it was possilile to reduce significantly the stress 
that was generated in integrated-circuit chip 1 and 
to obtain a suitable mounted product which was 
devoid of crack formation and other defects, such 
as shown in Figure 3. 

With the present invention, it is possible to 
adequately eliminate the thermal and mechanical 
stress generated in Integrated-circuit chips, to se- 


curely prevent element malfunction and crack for- 
mation, to maintain satisfactory chip and circuit 
characteristics, and to provide highly reliable pro- 
ducts. 

5 

Claims 

1. A semiconductor device comprising in order: 
(a) a substrate; 
10 (b) a porous polytetrafluoroethylene layer 

positioned on said substrate; and 
(c) a semiconductor element positioned on 
said porous polytetrafluoroethylene layer. 

75 2. A device of Claim 1 where said semiconductor 
element comprises an integrated circuit chip. 

3. A device of Claims 1 or 2 having additionally a 
chip-bonding layer on or impregnated into said 

20 porous polytetrafluoroethylene layer. 

4, A device of Claim 3 wherein said chip-bonding 
layer comprises a thermosetting resin. 

25 5. A device of Claim 3 wherein said chip-bonding 
layer and/or said porous poly- 
tetrafluoroethylene layer incorporate inorganic 
filler. 
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FIG. 5b 




FIG, 5c 


FIG. 


FIG. 5 


7 

07/01/2002, EAST Version: 1.03.0002 


EP 0 504 669 A1 



FIG. 7b 
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